The major role of this mathematic model is to analytically derive the correlation between Cln3 and T G1 coupled by Whi5 phosphorylation under more general conditions without the assumption of saturation for any enzyme. In this section we simplified the phosphorylation of Whi5 by Cln3 as a single step process. From numerical simulation of Whi5 kinetics and phase diagram of Whi5 ( fig. 1 ), we found that the major part of G1 is the process for the nuclear Whi5 to drop from Whi5 tot to Whi5 c . Here Whi5 c is defined as the corresponding value of Whi5 in phase diagram when Cln3 equals to Cln3 c , below which the positive feedback loop takes effect and greatly accelerate the Start transition. Since the Start transition itself is very quick, we neglected its time in the calculation of T G1 for simplicity. We also assume Cln3 concentration is constant through G1. Here we derived the correlation between T G1 and Cln3 based on these simplifications. The scheme of the model is shown in fig. 2A , and the equations are listed as follows:
Time zero is defined at T0 in this model.
we could first get the solution of 
This leads to
T is the minimum G1 length from cytokinesis when Cln3 concentration gets saturated.
Since when
Cln term and put it as
The value of Cln3c can be calculated from equation (1). A and Tc are determined from equation (2) and (3), respectively. Thus all parameters in equation (4) are known.
By comparing Cln3-TG1 curve derived from equation (4) with the deterministic simulation result from the full equations above (with the same set of parameters), we see that the analytical curve coincides with the numerical result ( fig. 2B ). Similar result can be deduced analytically when Whi5 has multiple phosphorylation sites.
In summary, the inverse correlation between Cln3 concentration and G1 length holds in general under the following condition: 
Predictions of the kinetics model
From equation (1) ...
Focus range: time interval for Whi5p rise from 0 to Whi5tot -Whi5c.
It is appropriate to apply first order kinetics approximation for phosphatase: 55
which means the integration mechanism holds for the time window T<1/k', where k' can be quite small for weak phosphatase and/or with many substrates. Considering the major phosphatase of Whi5, Cdc14 is sequestered in nucleolus by RENT complex in G1 phase (Shou et al. 1999) , the dephosphorylation of Whi5 in G1 should be weak and basal. The half dephosphorylation time of Whi5 in G1 is indeed longer than 30 min (Charvin, Oikonomou, and Siggia 2010), supporting our assumption of a weak and slow dephosphorylation. Thus the integration mechanism still holds even if the phosphatase has multiple substrates.
Whi5 dynamics when considering Cln3 flucturation with time
When Cln3 concentration changes with time, the dynamics of Whi5 phosphorylation is as following: 
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First order kinetics approximation for phosphatase: 
Some of the parameters were derived from published data and our own experimental results, as indicated below. Others were found by using Latin Hypercube sampling then changed by hand to improve the fit. The parameters were determined by fitting the 1XWHI5 data in Figure 3A first. Then only T 0 and Whi5 tot , Whi5 tot ,  1 ,   , and the dephosphorylation rate ab 2 and p were changed to fit the experimental data for whi5, 2XWHI5, cln1, cln2and CDC14 overexpression in Figure 3A , C and D, respectively. All the parameters are listed in Figure 3 -table supplement 1.
Experimental data used for deriving parameters: 1) Copy numbers of proteins in the Start network (Huh et al. 2003) .
2) Half-lives of Cln1-3 (Cross and Blake 1993; Wittenberg, Sugimoto, and Reed 1990) .
3) T 0 in whi5 data. 
